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HACA MR No., ESEO8

NATICNAL ADVISORY COMMITTEE FOR AERCNAUTICS

MEMORANI'UM REPORT

for the
Buresu of Acronsutics, Navy Department
TESTS OF AIR VALVES FPCR ISTERMITTENT-JET ENGINES
AT SFIEDS CF ZO AND 25 CYCLES PER SECOND

By Jnsenn R, Bressman and Rcbert J. McCready

SUMMARY

A study of aubtomatic nonreturn alr valves for use in an
intermittent-jet engine has been made. A tesgt appavatus that simu-
lates the cy C]e presgure variationa in an intermittent-jet enﬂi 13
was devised and five types of valve were tested in this apparatus
at gpeeds of 2C and 25 cycles per second, Four valve-spring and
threse valve-grill materials were ussd. Blue spring steel was the
best valve-spring material tried and aluminum the best grlill mate-
rial. Altering the contour of the valve support structure or grill,
with the result that the valve gpring in the normal position wes

arched rather than fitted tc the grill along its length, improved
the 1life of the valve. The resuits of these tects are preliminary
in natures, inasmuch as the sneeds of present applicaticn are highor
than thoge of this serles of tests and relative in that the offect
of vurious factors was dstermined,

IATROTUCTION

fn analysis of the chearacterigtics of the Geruan robot-bamb
intermitient-jet engine indicates the effect of prupcr valve dogimm
on the over~¢]] verforrance of the un’t. The German alr valve
wbilizes a largs psrcentapge of the availlable crogs-gectional arc
for valve-support structure and rogiires rolatively high pressure
differentials for full cpeoning, The life is approximately 30 min-
ates under actual coperaving conditions. Limitebion of the ITree-
flow arca rediuces the zmount of air charged into the combustion
chamber during the Intaoke part of the cycle., High zreasurs di fer»
ertials betwscon the combustion chamber and the free stream cous
excegsive power losses because of a reversal of flow in the tail
pipe end low clarge-alr derngities in the combustion chamber., A
Life expectancy of 30 minuteg limits the renge I such a missile.
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At the request of the Burear of Aeronautics, Navy Deparvtment, a
gtuly of autcmatic nonretuwrn air valves or wse in an Intermictent-
Jet engine has been made at the FACA Cleveland laboratory, fThe
valve investigatioas reported herein ccuzentirated primarily on small
cross-gectional support area, low mressure-~-drop valve gprings, and
length of 1ife. Relatively large srills (23 compared with the
German-tyne valve) werc chicgen becargs tle valve-3upport structure
weuld be a smaller percentaze of the available cross-sectional arvea,
Relatlively large valves of thickressss of the order of thie German-
type valve can be desirned for low stiffnss in order to reduce tie
preggure difTarentials necessary for full opening of the valve; a
maximum 1ife, consistent with low losses, was scught.

Five types of valve were terted at speeds of 20 and 25 cycles
per second., Fouar valve-3pring and taree valve-yrill matorials were
ased.

TESCRIPTION OF VALVES

A small cross section of the Gsrman-tyve valve (fig. 1) was
prepaved in order that the stead;-7low pressure drop of thls valve
could be compared with the valves >f HACA design. Uo cyclic tests
on this valve were condtucted in tho series of tests reported hevein.

Tegts at 20 eycles per second vere conducted on valve A (fig. 2),
which ia approximately five times as larze as thie German-type valve,

-
The contcour of thig valve is an ~yvc of 4g~inch radius. The valve

spring was made of thicknesses of 0,008, 0.010, 0,012, and 0.C15 inch
blue spring steel and was fastened tc the grill with the aid of a
support platé, as showa in figure 2(2). Mcst of the tests were psi-
formed with blue spring steel becauge this material has excellent
spring properties and a high endvrance limit., The average composi-
ticn determined by a metallurgicsl ezamnination 1s given in the
following table:

Carpoalition Percentaze
Mickel $,10G-n,33
Mol bdenum L3~ .12
Silicon 18- 30
Manganess Li0-2.50
Chromism A0~ .30
Cacbon LB0-1,20

Tron

Remainder
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The physical progerties of blue syring steel for wvarious thick-
nesges ars pregentad in the fellcwing table:
Thick- {Direc- iTeneile Yield P,;uentage
1295 tion Istrengthjstrength|elongation
(in.) jof P (Lt/sy | (1b/sg l(2-in. gage
testing! in.) ! <n.) length)
—_—— — %
- 1 } .
C.008 P 285,000 1272,200 3
LOL1L P ;264,706 242,700 7
oL | 18 263,500 |240,000 4
012 P 235,900 223,800 5
L012 T 1215, 300 ?lO e O R
T ot 44 = — - — ._.J_...__.
_Parallel to dlre tion of rolling.
e, . + 1
Irarngverse to direction of rcliing.

¥hnen samples of blue gpring steel were examined mder a micro-
acope, the material showed inclusions of foreign avbstances arranged
in pands parallel to the directlion of 10lling. Examinaticn of valve
failures indicated, in scme instances, fine cracks starting at ov
rurning throngh an inclusion in the steel.

Tests at 25 cycles per second weie condicted on valves B, C,

D, and E. Valve B (fig. 3) 1s compcsed of twc valves operabing as
a unit, each »f which is a scale model of valve A, The crcas-
scticnil area of valve B ig appreximately the same as valve A, The
syrings for valve B were made cf tlue spring cteel, low-carbon shim
stesl. spring brass, and spring bronze. Flat, curved, and rubher-
tirped supoort plates (Tiszs. 3(a), &(b), and &(c)), rospectively,
were vsed in the tests of valve B. Valve C (fixz. 4) and valve D
(fig. ©) ave the same t,pe as valve B with the exception that tho
grill-contour radius was changed to a 4-inch and 5-inch radius,
regpectively., The valve syring was the same as that of valve B and

In 211 cases had a 3-inch radiuvs. Valve E is of the same type a8
valve B with the exceptlon that the trailing ed e of the «rill was

rounded »ff instead of coming to a point as in valve B. Photographs

of valves A, B, D, ard £ are pregented in figure 6.
TEST APPARATUS
Cyclic-test apparatus. - The upparatus designed to test a amall
sectiin of a complete valve agsenbly Ffor an intermitient-Jjet engine

i3 shown in figure 7. A commercial nine-cylinder radial engins was
get up with all of the cylinders rsmoved except the one contnining
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the master r-d and piston. This cylinder was then replaced by a
cylirder barvel on which the test c¢hamber was mounted. The valve
section was mounted cn the intake side of the chamber and the
exhaust side was connected to the laboratory altitude exhaust. A
varjable-gpesd dynamcueter guppliedl the power to drive the engine.
The air flow through the valve induced ty the altitude exhaust
simulated ram velocity cf an engine in Tlight. The rapid rise in
pressure due to combustion was appicximated by the pressure rise
res.lting fr'm the up stroke cf tho piston. The suction created |
the rush of hot gases out the tail pipe in an engine was simulated
Yy the pressure dr p caused by the down stroke.

Frequercy of the cycie was varied by changing the apeed of the
dynamometer. Test-chamber pressures were controlled by means »f
the butterfly valve and the altitude-exhaist pressures. At a con-
stant cycle frequency, when the tutierfly valve was cloged or the
alr flow induced by the altitude extaust was reduced by increasing
pregsures downstream of the test chamber with the ald of the
altituds-exhaust control valve, pealk chamber pressures could be
Increased with only a slight increase in the nminimum pressure. When
the butterfly valve was opened ~v the mass Tlow was increased Py

iowering the downstream pressurss, peak and minimum chamber pregsures

cculd be lowered. In general, the minimuam chamber pressure was less
sengitive to controi than the peak vroessure.

Steady-fleow apparatus. - Losses in total pressure with = toaly
air flow were dstermined with the aid »f Lhe apparatus shﬁwn in Tig-
ure 8, The valve sectlcn was fastened to a transition pilece that
changed from a rectangular cress azction tc that of a civecular pipe.
Tris pipe was connectsed to an orifice and then to the altitude
~yhaust, A statlic-ring and a total-pressure tute were placed sufli-
ciently far downsiream to permit the flow patiern to stabilize, A
total-pressure survey was taken ir a vertical plane and the lcas in
total pressure wis averaged wver the area of the pipe. Becausse the
Reynolds number at the total-pressure tube was of the order of
=»00,000, the total pressure averaged over the area was agsumed
be approximately equal to the total pressire averaged over the Ime
flow, The erntrance and the friction lLosses in the syatem were
determined at various mass flowa without the valves Thege values
were then deducted Trom the gross losag determined with the valves.,

~

~
-7

85

&

The static-pressurc-ring and the crifice readings were uged
a8 a check cn the total-prsgsure tvte swrvey. The crifice measured
the mass flow and the density at the tost station was determired by
‘the atatic presqur The wean velocity and the velocity pressure
at the teat station was then ccmputed, From the vel rcity pressure.

Ell
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the total-nressure logs averaged over the ares wag checked. Devin-
tioms in the values of 1788 calculated by the iwo methods wveragoed

avrroximately 1 percent.

Apparatus_for determining natural ‘requency’of the valves. -
The naturasl Treguency of the VdJVbq wag determined by an electro-
nagnet connected with an audic-oscillator. The spring-ateel valve
wis clamocd n a viese at the gane polut at which it 1s fs=stened in
anouctiial test ingtullation. The eloctrumagnet w.s bdrought close
Lo the valve zand the freguency T ths alternsting current wus viried
by the audio-nacillator until the valve was set into sympathetic
vitrations. The lowest frequency st which this vidbration cccurred
is cnlled the naturzl frequency of the valve,

The natural froquenszy of a valve g an indlcation of 1ts stifi-
1588, which in turn controls tie steady-Tlow nressure loas and tine
nreggure differential reguired to copen theo valve. The higher the
natural Trequoncy of a valve the atiffor it will be; conseguaently,

a greater tressurc disferential is necessary to open the valve fudly.
The steady-flow totul-vressure loss will slso be largsr 1P the valve
does not open fully.

Iustrumentation for cyclic-teat a.paratus. - Fressure lluctun-
tiong in the chamber downstream of the valve wore measured Ly &
piszoelechbric cryatul rreusure piclun and wore recordsd as vertical
deflections on an oscillegcepe. The nregsure-plckup characteriglics
were calibrated by o balinced-pressure disphragm plckup that per-
nitted the determination of the absclute valuc o' the maximm vren-
gurc in the ¢yele. The horizonta=l swecp cn the oscilloscope wis
cbtained by an angular-sweep notenticmeter tlat was rigidly connected
tc burn with the engine slaft and maintained a substantially line .
rolation betwosn the swecp and the engine crark sangle. Thas, the
relation of pressure to crenk angle and, therelore time (inasmuch s
the cycle {roquency is known), wza determined. An sveraged preasirs
Tcr the cycle for use in checking the vrossure pickun dats and in
regetting test conditicong wis obtalned by means of a static-pressurc
tar and a collector tank.

Valve motisn wong obsorved by means of .. stroboscope btanl wes
controiled by sn electric contactor. The contactor was geared to
the sngine shaft and by shifting the nositlion of the commutator
brughens, a flash on the stroboscope could be achiieved at any crank
argle desired., In this manner, the rvelation of valve position with
crank anglo, and thorefore time, wews found. By mcans of the
nresgure-time and. valve-pogition-time records the velve movenant
w8 related to the pressire Tluctuations.,

The mean mwass Plow wis meagured by an orifice far encugh down.
atream from the ~ressure chamber to make the strnbic-vressure

)

readings f-irly consvant.
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Cicle freqrency was determined by measuring the rotative cpeed
of the engine with the aid of a chroncmetric tachoweter consisting of a
gtandard alrcraft electric tachomster and a ceomblnation revolution
comnter-timer.

RESULTS AND DISCUSSION

Valve failures were classified ag eltiner fraying or flexing
failures (oplits). A froving failvre 1s characterized by cmall saw-
tooth cuts wheire chips of metal have teon broken out at the tip or
trailing edge of the valve (figz. 9(a)). A flaxing failure cccurs
back from the tip and is characterizsd by a split in the material
along the linc of bending (fig. 9(b)). Occasionally large risces of
valve material flcew out when failure otarted as a fiéx split. A
valve was consldered tc heve faliled when the first gigna of fraying
or splitting were noted. In most of the czges, a vaive consgldersd
& {raying failure stlll szaled and might have continued to operate
satisTactorily for scme time. In orler to esbtablish a uniform
gtandsrd of testing, the time at swhich initiail failure occurred was
congidered as the critericn cf voefl 1life.

Tests at 20 Cycles pzr Second

All tests at 20 cycleg por second were conducted eon type A
valves. VWhen a flat valve abproximately 0.005 inch thick was tested
with a steady flow of ailr, the valve had a tendency to flutter. By
means of a gtroboscope, the valve was obgerved to tuke a curved
shape on reaching the full-open position and to ferm a venturl sec-
ticn. The low pressmres In the venturi tendzd to pull the valve
down. The air stream lifted the valve again and the prccess reveated
ltselfl, which resulted in Tluitterin;. TIn ordsr to eliminate this
acticn, a clrcular valve was designed to straighten out into a plane
when fully open instead of takiag a curved shape. The result 1s
that the contour of valve A (fiz. 2(a)) is an arc of single radius.

T,

for three type A valves of various thickncsses. Valve A 1s con-
pidered a "soft" valve (as opposed to "stiff" in describing the
German-type valve) and has a low total-pressure loss.

The effect of grill material. - The focllowing results wers
obtained from tests cn ctecl, aliminum, and bakelibe grills in order
to demonstrate the effect of griil material on valve life:

-
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~J

Grill material Life
(min)

Steol 20
Bakelite 853
Aluvm!num Over 100

Inaertg »f vakelite and of rubber 1/8 inch thick were placed in the
trailing edge of .the steel arill to prevent fraylng. Tests of
0,.012-inch-thick valves showed a life of 69 minutes without the
rutber insert and 79 minutea with the ingert. No noticeable increase
in 1ife wag noted with the takellite insert.

The e effect of uppev-plate material. - In the course of the \
Cjcliu tests, 1t was found that tjpe A valves Irayed ag they hit tho
upper support plate when cpened (fig. 2(a)). For this reascn, it
ig protable that inserts in the grill 4id nct resuvlt in any remark-
avle improvement in valve life. A rubther strip was cemonted to Lhe
upper suppert plate to absort the impact when the valve opensl and
increase the valve life. Tests with an 0.012-inch-thick valve ard
steel grill regulted in 36 minutes of 1life with a steel suppors
rlate and in excess of 7% minutes with a rubter-covered upper support
plate, An aluminum plate was more gutigfactory than the steel plate
vut nut 8o guod as the rutler-coversd plate. Undouttedly, the
crdinary rubber used in these tests would be unsatiafactcory for use
in an actual umt, btut a high-temperature silicon rutter or plastic
might te used in its place,

An attempt was alsc made to absort the impact when the valve
opened by means of a piece of spring steel Ttent t. form a support-
plate spring, as shown in figurec 2(z). The life was only several
ninuses.

The effect of valve thickness. - An aluminum grill tested with
a pubber-covered upper plate showed a variatiorn of valve 1ife with
valve thickness as follows:

Tliickness Valve life
(in.) (min)
0,000 Dver 100

, 012 Over 10
010 14

.08 11
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?} effsct ¢f valve meterial. - The trailing edge of a valve
vas annealed to a 1535B‘0fng73‘fﬁchg From A Rockwell hardness of
C-0& to C-30. HNo increasgs in life was noted. Faillure cccurred at
the junction of the annealed and the .unannealed section as well as
at the tip. In an attempt to abeovrd the impact stiesses with a

scfber material, a strip of low-carbsn shim steel 3/3 inch wide was
3ilver-scldered to the trailing edge of lhe valve to form a doubls

thickness at the tip. This valve falled after several minutes,

Iggt at higher greeds and prc%quraq - All the foregcing
results on valves were obtained wi teots in which the maximum ard
the minimum cycle presgures were nf the ~iderr of 42 pounils par
3quare irnch gags. Sreeds In excess of 2D cycles per second or

regsures higher than 2 pounds per sguars inch gage resulted only
in rapi1d fallure, Vzlve A i3 theref{ore cirsidered unsatisfactory
for use in an iutermittent-jot engine.

Teata at 20 Cyuinma per Second

The first tests at 25 cycles per secind were conducted on
vialve B, The natural frejuency of wvalve R for various thickneoses
is ag follows:

Thicknnss Frequency
(in.) (eycirs/sec)
5.008 35

LQLO 44
02 G5

StDﬂdJ f1ow losses. - Steady-flow Lossges for valve B arve snown

in flfUTS TG, In the cas» of the 0,008-inch thickness, the less (or

valve B 18 almeost twice that of valve A, whereag for the D.010-inch
thickness +he 1l23s for valve F is aimnst three t.mes that of

valve A, The 108363 in valve B, however, are gtill far below thos
of the F=rman type and conszeguentiy valve B 18 considered a 'soit’”
valve. A mnart of a German tyye vilve 21ill nssgembly waas prepaved
to £it the test gsction in which vaive A was teasted (fig, 1).
Stealy~flow losses for the German type valve are also shown in
figure 10,

The effect of upper-plata xltp~3*'qpa - A3 1n the case of
valve A, it wad nacess;ry fo Zbsst the ‘mpact caused Ty the vals
striking the support plate wher cpennd. Tegts run with a valve ci
0,010~ ineh thicknees with flat, ¢rrved, and rutber-sorvved swnpors
plates resilted in the fellowing valve Lives:

]
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Sunport nlate : Valve life :
(min)
Flat al'minum (fig. 3(2)) 12
Curved zluninum (fig. 5(t)) 51
Lubtber-tipped curved aluminum (fig. 5(c¢)) 67

The purpose cf the curved support plates was to causs the valve
to flex and slow dowr befors the tip struck.

The effect of valve materlial. - Varlous types of valve materlal
weire vested vnder similar ecnditicns. The results place the mate-
rials in the following ovrde of dscreasing 11Te: tlue apring steel,

iow-carbon shim'steel, spring'hrass, ard spring bronze.

The effect of cycle jreasure. - With maximum and minimum pres-
sures of approximately 2 pounds per sguare inch, the life of a
apring-steel valve 0.008 incl thick wag 2% minutes. Whan higher
pressures were tried, fmmedlate vaivs failare occurred. The valves
were sutjected to fraying along tae trailing edge similar tc the
fatlures ncted in valve A, (See fig. 9.) A possitle explanaticn
for this rapid fallure may be found in the characteristlic operation
of this valve, The valve appeared tc have a whip»liLe actlon in
closing; that is, the end cf the valve near its point of fustening
vould follew the contour of the grill for approximutely half its
itength, at whish time thers would be a tendency for the rest of tiue
valve to anap or whip shut,

The offect of sltering the grill contour. - In order to alimi-
rate this whipping action, the grill contcur was first altered as
shown in ;1gur° 4 (valve C) and then cut away once agoin as shown
ir Yiguwre & (valve D). These alterations leflt the valve unsupported
Ty orill work for mest »f its length in the normal poaitlon. The
esnlting valve action was noticeatly different. The valve nd

snoer whipped shut but tended to descend to its seat with a fixed
urvature over most of its length, to hit the grill on the tip, ard
Lhen to collapse and fit the grill along ite length, The tip had
terdenc, to hit edgswise rather than flat and slide forward along
he £rill corntour az the vest of the valve seated on the grill.
'sats on valves B, C, and D of 0.010-inch thickness with pressurss
f 2 or 3 pounds per sguare inch gave the following results:

1
1z
%

o

“—3 IS

i

Valve Life
{min)
B o5

o e
-
L
¢
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The irelation of valve-tip position and preassure variaticn with
sengine crank angle or time for one cycle !s shown in figire 11 for
valve C as & repregentative curve. The 13ifs of this valve was
138 minutes at which time the valve falled in flexing. The pressure
measurements were not accurate tezause vibrations from the engine
wvere detected by the piezoelectric crystal plckup and superimposed
cn the pressure vrecord on the oscilloscope. It was therefore neces- .
gary to choose an average line from an oscilloscope trace approxi-
mately 1/4 to 1/2 inch wide.

The valve opened in approximately 45° or 0.005 second and
gtruck the top with a velccity of approximately 18.3 feet per second.
It then rebtounded until it was aboubt half-way open, was again picked
up bty the alr stream, opened about thise-fourths cf the way, and
finally closed with a velocity of 13,3 feet pev seccrnd. The opening
and the closing striking velocitizs were considersd to be represented
by the average slope of the curve during the cpening and the closing
parts of the cycle. For approximately 0.0044 second after the valvs
tip touched the grill, the valve had not completely closed agalnst
the grill and sealed, Similarly the valve tended to unseal befors
the valve tip started to open.

Valve E was made by rounding off the tralling edge of a grill
of the same type as valve B (fiz. ©(d)). The valve-spring tip now
had to bend before hitting the grill ard in sc doing had the oppesing
aoring force decelerating its motion prior to hitting the grill.
The tests showed that the valve would nct seal completely and,
thevefore, were discontinued. Subsequent tests, however, indicated
that it was extremely difficult to deasign a grill whersby an’
adeguate spring ferce could be used for deceleration without
resulting in a permansnt deformation of the valve at the point where
the radiuz of curvature of the grill contour changed abruptly.

SUMMARY JOF RESULT

Tests of five types of nonretw 'n air valve were conducted in
& cyclic-test apparatus at speeds of 20 and 25 cycles per second o
determine the effects of varicus changes in grill contowr and grill
and valve material. The following results were obtained:

1. The tests on valve A at 20 cyclea per second demonstrate
that of the grill materials tried, aluminum was mcst satisfactory,
that annealing the spring steel was detrimental te the life of the
valve, that there 18 a minlxuwr thickness for any specified life
expectarcy, ard that the 1ife of the walve does not vary linearly
with thickness.
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2. The tests on valves B, C, and D at 28 cycles per second
indicate that of the spring or valve materials %tivled, blue spring
ateel is the best and that considerable improvement in 1ife can be
attalned by altering the grill contcur from that of a single radius
to one In which the valve in the nommal position was arched over
the grill (as in valve D). A valve of this type requires pressure
to seal.

™

3, The rcesults of tests on valve E were inconclusgive.

Aircraft Bngine Research Laboratery,
National Advisory Cormittee for Aeronautics,
Cleveland, Ohlo, May 8, 194%,

viw
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(a) Rear view.
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(b) Side view,

Figure |. - Section of German-type valve used for steady-flow

tests.
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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- Point of fastening
\ Upper support plate

(a) Side view,

e ———— 3_” — el
4
!
23’
83» ||
16

_%ZJ Seven equally spaced ribs %{thtck

(b) Rear view.
Steelpiate

‘“‘*————-——*ﬂzngrang-steel support

plate

Spring-steel valve

NAT IONAL ADV!SORY
COMMITTEE FOR AERONAUTICS

(c) Spring-steel support plate.

Figure 2. - Sketches of vaive A.
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=Aluminum sSupport plate

(a)

Side view,.

Mfe——— 3" o

A
32

Figure 3, -

8
Rear view,

Sketches of valve 8.

} IJ} Seven equally spaced ribs é%thick
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Support plate

Yalve grill

e e o et Valve, 3" R

Fiqure 4,

- Sketch of valve (.

- —

valve grill

Figure 5,

- Sketch of valve D.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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{a)

Curved support piat

Side view of valve A. (b) Side view of valve B.

Rubber stri p-/

Side view of valve D.

Side view of valve E.

{d)

{c)

-Q

INCH

Figure 6. — Photographs of valves A, B, D, and E.
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Figure 7. - Apparatus used in tests of air valves for intermittent-jet engines.
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tal Failure by fraying at valve
. tip or trailing edge.

Filex split

(b} Failure by flexing.

Figure 9. — Typical valve failtures,
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